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I . INTRODUCI’I ON 

T h i s  r e p o r t  i s  t o  comment on p r o g r e s s  t.o d a t e  on r e s c a r c l i  b e i n g  

conduc ted  u n d e r  NASA Gran t  NGR-14-005-097. S i n c e  t h e  work b e i n g  con-  

d u c t e d  w i t h  t h i s  s u p p o r t  i s  c l o s e l y  r e l a t c d  t o  p r e v i o u s  work per formed 

u n d e r  s u p p l ~ i n e i i t  3 t o  NASA Gran t  NSG-511 no a t t e m p t  is macle t o  d i s t i n -  

guish bctwecn t h c ~ i ~  nnd 311 progres s  is containotl i n  t h i s  report. I n  

g c n c r a l ,  t h e  work r e l a t e d  t o  t h e  p a y l o a d s  i n t c n d c d  f o r  l a u n c h  from 

Wal lops  I s l a n d  was s u p p o r t e d  by supp1c111~11t 3 t o  G r a n t  XSG-511. The 

remai ndcr was s u p p o r t e d  b y  Gran t  h’GI1-14-005-097. 
1 

I n  b r i e i ,  t h e  major p u r p o s e  of tlic g r a n t s  was t o  s u p p o r t  the  de- 

vclopmcnt  of a mass s p c c t r o i n e t e r  package [or use i n  i o n o s p h e r i c  s t u d i e s  

u t i l j z i n g  Nike-Apache rockets.  The hope t h e n  \vas t h a t  a ser ies  of  

r o c k e t  l a u n c h i n g s  would f o l l o w  t o  i n v e s t i g a t e  the b e h a v i o r  of the ion-  

o sphe re  unde r  v a r y i n g  c o n d i t i o n s .  T h e  d e t a i l s  of t h e  r e q u i r e m e n t s  a r e  

i n c l u d e d  i n  t h e  a p p e n d i x .  T h i s  a p p e n d i x  c o n s i s t s  of a t h e s i s  w r i t t e n  

by a m a s t e r s  d e g r e e  c a n d i d a t e .  



A mass spcctroii ict  e r  was dcvc1oi)ccl arid two r o c k e t  p a y l o a d s  were con- 

s t r u c t e d  i n  c o o p e r a t i o n  v i t h  GCA C o r p o r a t i o n ,  a h o l d e r  of  a c o n c u r r e n t  

c o n t r a c t  w i t h  NASA. The l a b o r a t o r y  t e s t s  wc’re concluctcd and samplc  

s p e c t r a  o b t a i n e d  d u r i n g  t h e s e  t es t s  a r e  i nc luc i r~d  i n  the a p p e n d i x .  Tlic 

e n t i r e  p a y l o a d  per formed q u i t e  we1 1 d i i r i n g  these tests a n d  no  problems 

d e v e l o p e d  d u r i n g  t h e  e n t i r e  t e s t  prograin.  

TWO l a u n c h e s  were s c h e d u l e d  for .  August  2 4 ,  19G6, f rom t h e  Wal lops  

I s l a n d  f a c i l i t y .  Only o n e  of the p a y l o a d s  was  l a u n c h e d  when i t  became 

c l e a r  t h a t  t h e  s p e c t r o l n c t e r  package  had a m a l f u n c t i o n  d u r i n g  t h e  f l i g h t  

o f  t h e  f i r s t  p a y l o a d .  The t r o u b l c  a p p e a r e d  t o  be h i g h  v o l t a g c  b r e a k -  

do\m a t  some p o i n t  i n  t h e  package .  T h e r e  a l s o  a p p e a r e d  t o  be sonic 

i n t e r f  e r e n c e  betwcen esperi inent  s . 
Further l a b o r a t o r y  tes ts  conf inned  t h a t  h i g h  v o l t a g e  breakdown i n  

the m u l t i p l i e r  c o u l d  i n  f a c t  r e s u l t  i n  o u t p u t s  s i m i l a r  t o  t h o s e  r e c o r d e d  

d u r i n g  t h e  l a u n c h  of t h e  f i r s t  p a y l o a d .  F u r t h e r  t e s t i n g  s h o u l d  have 

been car r ied  o u t  in the  l a b o r a t o r y  b u t  a commitment t o  l a u n c h  two pay- 

l o a d s  from R i o  Gralide, B r a z i l ,  on Kovernbcr 1 2 ,  1966, d u r i n g  a so la r  e c l i p s e  

w a s  a l r e a d y  becoming t i g h t  t in:ewisc. 

I t  w a s  b e l i e v e d  t h a t  t h e  d i f f i c u l t i e s  c o u l d  be  remedied  by t a k i n g  

t h e  f o l l o w i n g  s t e p s :  

1) Reduce t he  v o l t a g e  a p p l i e d  t o  t h e  e l e c t r o n  m u l t j p l i c r .  

2) Pror ide  p o r t s  on the q u a d r u p o l e  and  m u l t i p l i e r  coni- 

p a r t m c n t s  t o  f n c i  l i  t a t e  pumping dov:n d u r i n g  f l i g h t  . 
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3) E n l a r g i n g  t h e  o n t r a n c e  ant1 e x i t  a p e r t u r e s  of t h e  

quadrupo le  t o  cornpensnte f o r  t h e  g a i n  l o s t  by re-  

duc ing  t h e  m u l t i p l i e r  v o l t a g e s .  

4) S h i e l d i n g  s u p p l y  l e a d s  t o  c u t  down i n t e r f e r e n c e .  

To f a c i l i t a t e  i n c o r p o r a t i o n  of Genera l  blcndonca’s exper iment  on  

the  B r a z i l  shots t h e  quadrupo le  s t r u c t u r e  was  a l s o  l e n g t h e n e d  t o  a lmos t  

doub le  i t s  o r i g i n a l  l eng th .  A modest change t o  a l lov;  the  measurement of 

t o t a l  i o n  d e n s i t y  was a l s o  made. T h i s  change was macle t o  a l lov i  more p r e -  

c i s e  i n - f l i g h t  c a l i b r a t i o n  of t h e  ins t r i imcnt  . 
Two p a y l o a d s  were c o n s t r u c t e d ,  w i t h  GCA C o r p o r a t i o n ,  i n c o r p o r a t i n g  

these changes  f o r  use  d u r i n g  t h e  B r a z i l  e x p e d i t i o n .  

Upon l a u n c h i n g  t h e  f i r s t  payload from R i o  Grande ,  B r a z i l ,  a q u i t e  

s i m i l a r  brenkclosn probl e m  o c c u r r e d  d u r i n g  f l i g h t  and t h e  second pay load  

was n o t  l aunched .  

F o l l o w i n g  the t r o u b l e s  a t  B r a z i l ,  t hc second Wal.lops payload  h::s 

been s u b j e c t e d  t o  c o n s i d e r a b l e  f u r t h e r  t e s t i n g  and i t  i s  now be l ievcc l  

tiia t a l l  probleiiis r e l a t e d  t o  h i g h  v o l t a g e  brcnkdown have been  r e s o l v e d .  

Y 
The principle problem is  re la ted  to the c o n v e r s i o n  of 28.5 volts 

t o  1800 v o l t s  and  t h e  l e a d s  t o  c a r r y  t h e  1800 v o l t s  t o  t h e  m u l t i p l i e r  

compartment .  

duced  c o n v e r t e r  and ,  a l t h o u g h  v e r i f i c a t i o n  h a s  no t  y e t  been  o b t a i n e d ,  

i t  would seem t h a t  t h e  c o n n e c t o r s  used aiid t h e  i n t e r c o n n e c t i o n  w i r i n g  

Breakdown was obse rved  i n t e r i o r  t o  the commerc ia l ly  p ro -  

would b o t h  have  t h e  sainc problem. 

The problem e s s e n t i a l l y  i s  t h a t  tlic ptini[)i  1 1 ~  speed  of t h e  e l e c t r o n i c s  

pnt:.rnt;cs, the conver t t i -  i n  par-t icul: i i*,  i s  q 1 1 i  I C ’  sloiv and t h u s  the  i n t e r i o r  
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prcssurc does n o t  di-op s u l f i c i c n t l y  bclou.  t h e  minimuin of t h e  Pnschen 

c u r v e  t o  p r e v e n t  t h e  brealtdoivn frorn o c c ~ i r r j  ng. The package o p e r a t e s  

n o r m a l l y  a t  ntmospheri  c p r e s s u r e  and a l s o  a t  t h e  ambj c n t  p r e s s u r e s  en- 

countered d u r i n g  f l i g h t  i f  m a i n t a i n e d  a t  t h e s e  p r e s s u r e s  f o r  a n  cxtcncted 

pe r iod  of t i i n c  t o  a l l o w  t h c  s l o w  pun ip ing  spccd t o  c a r r y  t h e  interior 

p r e s s u r e  t o  ambicnt  , 
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1 1 1 .  WORK I N  PI1OGIiI.:SS 

The h i g h  v o l t a g e  breakdown cliff  i c u l t i e s  a r e  b e i n g  r e s o l v e d  by 

s e a l i n g  a l l  of t h e  h i g h  v o l t a g e  c i r c u i t r y  a n d  w i r i n g  a n d  m a i n t a i n i n g  

t h i s  package  a t  a t m o s p h e r i c  pressure t h r o u g h o u t  t h e  f l i g h t .  T h i s  re- 

q u i r e s  a l m o s t  comple te  r e a r r a n g e m e n t  of t h e  e l e c t r o n i c s  b u t  t h i s  a l -  

t e r a t i o n  i s  f i n i s h e d  on t h e  W a l l o p s  payload  and t e s t i n g  i s  c u r r e n t l y  

b e i n g  c o n d u c t e d .  

As soon a s  the B r a z i l  p a y l o a d  r e a c h e s  t h e  l a b o r a t o r y  t h e  m o d i f i -  

c a t i o n s  w i l l  be made on i t  and f u r t h e r  t e s t s  c o n d u c t e d .  T h i s  p a y l o a d  

i s  t e n t a t i v e l y  s c h e d u l e d  for a l a u n c h  011 a Nike-Cajun v e h i c l e  f rom 

W a l l o p s  I s l a n d  on h h y  16,  1967. 

P l a n s  for t h e  Wal lops  package w i l l  b e  fo~~ii i i i l  a t c d  f o l l o w i n g  t h e  

May 16, 1967, l a u n c h .  Some m o d i f i c a t i o n s  of t h e  q u a d r u p o l e  and  mul- 

tiplier compartments  remain  t o  be  done on this package however. 

p r e l i m i n a r y  e f f o r t s  a r e  a l s o  b e i n g  made toward t h e  development  

of a n e g a t i v e  i o n  niass s p e c t r o l n e t c r  f o r  u s e  i n  i o n o s p h e r i c  r e s e a r c h .  
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A P P E X D I  X 

CIJAPTEK A I  

INTRODUCTION 

The q u a d r u p o l e  mass f i l t e r  is a r e c e n t l y  i n t r o d u c e d  d e v i c e  which  

t r a n s m i t s  o n l y  i o n s  of a f i x e d  charge-to-mass (e/m> r a t i o .  By c h a n g i n g  

i t s  e l e c t r i c a l  p a r a m e t e r s  i t  i s  p o s s i b l e  t o  change  the charge- to-mass  

r a t i o  of i o n s  which w i l l  be t r n n s n i i  t t e d .  T h u s ,  a wide  r a n g e  of i o n s  

c a n  b e  i n v e s t i g a t e d  i n  s u c c e s s i o n .  

The t h e o r y  of the  qundrupole  mass spcctroineter \bas deve loped  i n  

1955 by D r .  Wolfgang P a u l  and  o t h e r s  a t  t h e  U n i v e r s i t y  of Bonn from ex- 

t e n s i v e  e a r l i e r  work on s t r o n g  f o c u s i n g  e3 e c t r i c  and m a g n e t i c  l e n s  

s y s t e m s .  S i n c e  t h e n ,  s e v e r a l  t y p e s  o€ q u a d r u p o l e  f i l t e r s  have been  

u s e d  f o r  d e t e c t  i o n  of i o n s  i n  d i f  f e r e n t  mediuiiis . 
The a p p a r a t u s  i s  p a r t i c i i l a r l y , ' \ ~ e l l  s u i t e d  for u p p e r  a tmosphere  

r c s e a i . c h  b e c a u s e  i t  combines h i g h  s c n s i t i v i t y  w i t h  s m a l l  s i z e  anci low 

power r e q u i r e m e n t s .  R e c e n t l y  (1965, N a r c i s i  a n d  B a i l e y )  i t  was u s e d  

a t  h e i g h t s  between 60 - 120 l im and i n t e r e s t i n ;  r e s u l t s  were o b t a i n e d .  

L i g h t  m e t a l l i c  i o n s  a p p e a r e d  between 95 and  110 km and  t h e i r  distri-  

b u t i o n  s u g g e s t e d  t h a t  the n i g h t - t i m e  E - r e g i o n  1Oilosphere i s  m a i n t a i  ned 

by  i o n i z e d  m e t a l  a toms b u t  t h i s  s t i l l  r e q u i r e s  f u r t h e r  s t u d y .  

T h i s  work d i s c u s s e s  t h e  e l e c t r o n i c  equipment  of t h e  mass s p e c -  

trometer f u r  i o n o s p h e r i c  i n v e s t i g a t i o n s .  The equipmcnt  i s  clesigncci t o  

s u i t  p a r t i c u l a r l y  t h e  mass r a n g e  of l i g h t  m e t a l s  and a t m o s p h e r i c  g a s e s .  

T h e  low (less t h a n  8 amu) and h i g h  ( g r e a t e r  t h a n  50 amu) n i n s s  r a n g e s  

a r e  n o t  coveret i .  

Wherever p o s s i b l e ,  m i n i a t u r e  c m p o n c n t s  a r e  usc:d b e c a u s e  t h e  
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a p p a r a t u s  was t o  bc pu t  i n  a l i m i t e d  s p a c c  i n  a r o c k e t .  S o l i d  s t a t e  

d e v i c e s  a r e  used  €or most a c t i v e  coniponcnts. 

S t a n d a r d  t e c h n i q u e s  of e n c a p s u l a t i n g  a11  t h e  coniponents a r e  a p p l i e d  

i n  o r d e r  t o  e n s u r e  r i g i d i t y  and  p r o t e c t  i o n  nga i n s t  a c c e l e r a t i o n  and 

s h o c k s .  

The a p p a r a t u s  was t e s t e d  and c a l i b r a t c c l  unclcr  normal c o n d i t i o n s ,  

which d i f f e r  from expec ted  w o r k i n g  c o n d i t i o n s .  
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ClIAP'I'JlR A I  I 

MASS SPECTIlO,\iK,:TItY 

In t i -oduc t  i on 

I 

The mass s p e c t r o m e t e r  h a s  a n  c/m band p a s s  c h a r a c t e r i s t i c  f o r  

cha rged  p a r t i c l e s .  I t  i s  o b t a i n e d  by a p p l y i n g  n h i g h  f r e q u e n c y  f i e l d  

on f o u r  h y p e r b o l i c  e l c c t r o d c s  ( F i g .  1 ) .  With t h e  a p p l i e d  v o l t a g c s  of  

o p p o s i t e  s i g n  on t h e  y and x h y p e r b o l a s  the p o t e n t i a l  between e lec-  

t r o d e s  i s  : 

v I-, V(4)--- (x=- Y")  
r;l 

2 2 2 
YO 

whcre r = x - 
0 0 

and  the e l e c t r i c  f i e l d  i s  

1.1 

1.2 

The e q u a t i o n  of mot ion  of a charged  p a r t i c l e  w i t h  mass m and 

c h a r g e  e i n  such  a f i e l d  i s  

1.3 

which  i s  e q u i v a l e n t  t o :  

M I 2% 1.4 
d-t" 

E q u a t i o n  1 . 6  shows t h a t  t h e  v e l o c i t y  of a p a r t i c l e  i s  c o n s t a n t  

a l o n g  t h e  z d i r e c t i o n .  



- 9 -  

Y 

F i g u r e  1 
Hyperbo l i c  E l e c t  rodcs 

F igure  2 
S t a b i l i t y  Diagram ( V e r t i c a l  -04  p c r  d i v i s i o n ,  I Ior izonta l  .2 p e r  d i v i s i o n )  
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For V ( t >  = u + v c o s  (ut)  anct w i th  a cllangc of v a r i a b l e  w t / 2  = . s  , 

e q u a t i o n s  1 . 4  and  1 .5  become: 

where : 

1 . 9  

E q u a t i o n s  1 .7  and  1.8 a r c  t h e  n o m a 1  forrii of h i n t h i e u  c q u a t i o n s  f o r  

which t h c  s o l u t i o n  is of the form: 

The  i n i t i a l  e n t r a n c e  c o n d i t i o n s  of i o n s  a r c  c o n t a i n e d  i n  

and C and  u depends on a and c i .  
2 s  l 

S t a b l e  o s c i l l a t i o n s  i n  the s d i r e c t i o n  a r e  o b t a i n e d  f o r  t h o s e  

u(ax ,  q ) f o r  which s < cx> w h e n  

d i y e c t i o n .  The range  of a , cor res pond i ng t o  s t a bl e os ci 11 a t i on i n 

the x direction can be plotted i n  the a q p l a n e .  The same a p p l i e s ,  

+cg. The same i s  t r u e  f o r  t h e  y 
X 4 

x qx 

x 1  x 

. S i n c e  a = - a a n d  cl = cl , ivc scc t h a t  t h e  o v c r l a p p i n g  
Y J  q Y  X Y x Y 

f o r  a 

m i r r o r  image of s t a b l e  a , 

g i v e  t he  s t a b l e  r e g i o n  f o r  b o t h  coniponcnts of o s c i l l a t i o n .  

a b o u t  thc cl a x i s ,  w i t h  s t a b l e  a qx l  w i l l  Y qY X 1  

For  t h e  f i x e d  f i c l d  and  dimcnsion s p e c i f i c a t i o n s  I' W, U ,  a n d  V,  
0 )  

a l l  ions of i d c r i t i c a l  mass havc thc  same o p e r a t i n g  p o i n t  a ,  q. If t h e  

p o i n t  l i e s  w i t h i n  the  th ree - s i c l cd  rcg io i i  i n  t h e  a ,  q p l a n e  ( F i g .  2 ) ,  

s t a b l e  and  uncianip~d o s c i l l a t i o n  i n  tlie x - y  p l a n e  w i l l  rcsul t . On t h e  

e d g e  o f  t h e  r c g i o n  t h c  o s c i l l a t i o n s  a r e  iintiarr:l)cci. O u t s i t l i .  t h e  r c g i o ~ l  
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t h c  ai i ipl i tude of o s c i l l a t i o n  r a p i d l y  i n c r e a s e s .  

The r a t i o  a/q = 2 U / V  i s  inclcptntlent of the mass and t h e r e f o r e  a l l  

i o n s  of d i f f e r e n t  niasses l j e  on 3 s t r a i g h t  l ine  a = 2 U / V  q i n  t h c  

s t a b i l j  t y  diagram ( F i g .  2 ) .  Only t h o s c  i o n s  whose o p e r a t i n g  p o i n t  

s n t i s f i c s  ql  < q < qz w i l l  be s t n b l c .  

s t a b l e  q i n t c r v a l  (which c o r r e s p o n d s  t o  s t a b l c  niass i n t e r v a l )  becomes 

s m a l l e r  u n t i l  i t  rcac l ics  the p o i n t  q - 

s p o n d i n g  a = .23G and U/V = .16T. When t h c  i n t c r s c c t i o n  01 l i n e  

I3y i n c i * c n s i n g  tlic U/V r a t i o  t h c  

- = .‘io6 w i t h  c o r r e -  “1  i m 1 - ci2 -- 

1 i m  

a = 2 U / V  q w i t h  t h e  t h r e e - s i d e d  s t a h i l i  t y  CUI‘ \ ’C’  npproachcs t h e  p o i n t  

) o n l y  i o n s  of onc d e f i n i t e  niass u . 1 1 1  havc a s t a b l c  p a t h ,  
( a l i n i ’  q l i m  

w h i l e  a l l  the  o thers  w i l l  havc uns t ab l  c osci  l l n t i o n s  and w i l l  cncl on 

t h e  e l c c t r o d c s .  (It a l s o  may happcn tha t  i o n s  w i t h  s t a b l e  p a t h s  end 
w 

on e l e c t r o d e s  bccause oi a l a r g e  s t a r t i n g  a m p l i t u d c . )  

For f i x e d  U/V r a t i o  thcrc  w i l l  be a p o s s i b l e  inas s  i n t c r v a l  ni m 1’ 2 

( I n  p r a c t i c e  this mass i n t c r v a l  s h o u l d  n o t  
1’ 9 2 -  

c o r r e s p o n d i n g  t o  q 

c o n t  a i 11 more t han one d i s t i nc t ma s s . I  

I n  p r a c t i c e  inass r e s o l v i n g  po~ :c r  i s  dcr incd u s i n g  t h e  v o l t a g e  

a t  t h e  output of e l e c t r o n  m u l t i p l i c r  a s  t h e  in;tss s p e c t r a l  l i n e  is scanned ,  

I t  i s  t h e  r a t i o  of t h e  m a s s  number of t h e  Sl>(’<’t i .LIl  l i n e  t o  t h c  w i d t h  of 

the s p e c t r a l  l i n e  a t  10% of i t s  peah exprcs sc t l  111 I I I ~ S S  number u n i t s .  

For a des i red  r e s o l v i n g  power,  p a r a m e t e r s  a and q havc t o  be s t a b i -  

l i z e d  t o  b e t t e r  t h a n  A n i / 2 i n  of t h c i r  v a l u e s .  Hence i t  f o l l o w s  t h a t  t h e  

D.C.  v o l t a g e  U and the  h igh  frcqucncy v o l t a g e  V must bc s t a b i l i z e d  t o  

b e t t e r  t h a n  An1/2m and t he  f rcqucncy  f and r a d i u s  r I I ~ L I S ~  bc c o n s t a n t  

t o  better t h a n  &1/4in .  

0 

If one v;ants t o  s~;ccp a r n n : : ~  of jons  i t  i s  p o s s i b l e  e i t h e r  t o  keep 
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t h e  f r e q u e n c y  c o n s t a n t  and  v a r y  V w i t h  t h e  U/V r a t i o  c o n s t a n t  or t o  v a r y  

t h e  f r e q u e n c y  k e e p i n g  U and V c o n s t a n t .  

hlas s Spec t romet e r  and  E l  ec t r i ca  1 Component s : 
~ ~ _ _ _ I . _ _ _ _ _ _ _  

In Fig .  3 i s  shown a clingrani of  the a c t u a l  mass  spectrometer for 

i o n o s p h e r i c  i n v e s t i g a t i o n .  

The  c y l i n d i - i c a l  r o d s  w i t h  r = 1.16 r a r e  a good a p p r o x i m a t i o n  t o  
0 

h y p e r b o l i c a l  r o d s  and  c a n  be e a s i l y  niacle. I n  f r o n t  of t h e  r o d s  a r e  t w o  

f o c u s i n g  e l c c t r o d c s  a t  p o t e n t i a l s  - V A t  t h e  end  

s t a n d s  a11 e x i t  a p e r t u r e  w i t h  t h e  h o l e  on t h e  a s i s  l e a d i n g  t o  t h e  e l e c t r o n  

and - V2, ( V 2  > V 1 ) .  1 

m u l t i p l j c r .  

The i o n s  which have  a componcnt of v e l o c i t y  p a r a l l e l  t o  t h e  rods  

a f t e r  b e i n g  f o c u s e d  s t a r t  t o  o s c i l l a t e  between r o d s .  The s t a b l e  o n e s  

hit t h e  c a t h o d e  of the e l e c t r o n  m u l t i p l i e r  ( t h r o u g h  a p e r t u r e ) .  Secondary  

e l e c t r o n s  a r e  c m i t t e d  from the c a t h o d e  and  a m u l t i p l i c a t i o n  p r o c e s s  s t a r L s  

which  l eads  t o  a b u r s t  of e l e c t r o n s  which h i t s  t h e  anode of t h e  m u l t i p l i e r .  

T h i s  a i r r e n t  s e r v e s  a s  t h e  i n p u t  t o  t h e  log  a i i i p l i f i e r .  

If the  component of t h e  v e l o c i t y  of i o n s  p a r a l l e l  t o  the rods i s  v 

t h e  number of o s c i l l a t i o n s  a l o n g  t h v  rods f o r  a n  ion i s  s imply :  

t--l = - - j -  L 
V 

3 .ll 

and it  should  be r e l a t i v e l y  l a r g e  so t h a t  t h e  s t a b l e  i o n s  have enough 

o s c i 3 l a t i o n s  t o  ge t  well r e s o l v e d  iron; t h e  u i w t a h l c  i o n s .  

n 

I n  the a c t u a l  expcr in ic~nt  t h e  r c l a t i v c  v e l o c i t y  of i o n s  w i t h  r e s p e c t  

t o  t h e  rods (and  p a r a l l e l  t o  t h e  rods )  u . i l l  be  n e a r  t h e  v e l o c i t y  of t h e  

rocket .  

If f r e q u e n c y  m o d u l a t i o n  i s  usc3d f o r  s n t . c ; ) i  t i i t .  iii:>.>> range a l l  t h e  
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1 A m p l i f i e r  
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Figure  3 
Mass Spectrometer 

Tel einc t r y  
et-- 

I. 

Power Supp ly  L J -  
F i g u r e  4 

Block cliagrar:i of e l e c t r i c a l  components 
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i o n s  w i l l  n o t  have t h e  sanic r e so lu t ion  as n clcpcncls 011 the frequency. 

Hoivcvcr i f  thc f recjuency i s  h i g h  t h e  cliff erence i n  r e s o l u t i o n  betwceii 
\ 

lower  and h i g h c r  mass numbers  w i l l  b e  negl i g i b l c .  T h c  r e s o l u t i o n  w i l l  

be b e t t e r  t h a n  i n  t h e  c a s e  of a inpl i tude  inoduln t ion  because  t h e  c o n s t a n t  

rat io  i n  a m p l i t u d e  modula t ion  i s  more cliCIiccr1 t t o  o b t a i n  due t o  v r i r i -  

at i .on of V.  

The b lock  diagrani of c l e c t r i c n l  COi;ik)O;iciltS i n  F i g .  4 c o n s i s t s  c f  

poiver s u p p l y ,  o s c i l l a t o r ,  e l e c t r o n  i : iu l i i I> l i t l . s  n l i i p l i f  i e r ,  and t e l e m e t r y  

s y s t e m s .  The available space  i n  t h e  1.0~1ict \\:IS t h c  cloiiiinant f a c t o r  f o r  

t h e  c h o i c e  of s o l i d  s t a t e  d e v i c e s  f o r  a 1 1  components ( cxccp t  an e lec-  

t r o m e t e r  t u b e  uscd i n  t h e  l o g  a i i i p l i f i c r )  . T h e i r  loiv powcr consuniption 

and  i n h c r e n t  r i g i d i t y  were o t h e r  advai i tnges o v e r  t u b e s .  Again hecausc  

of l i m i t e d  s p a c e  and lcss compl ica ted  c i r c u i t r y  a n  a m p l i t u d e  niodulnted 

o s c i l l a t o r  has  been chosen .  Thc a p p a r a t u s  had t o  nicct t h e  f o l l o w i n g  

mecliaii ical  s p c c i f  i c a t  i o n s :  

1. V i b r a t i o n  

a )  -k 1./4 i n c h  double  ampl i tude  from 5 t o  25  c p s .  

b) 5 g a c c e l e r a t i o n  from 25 t o  2000 cps s w e e p  1 m i n u t e  ' 

p e r  o c t a v e  

2 .  Shock 

100 g shock 11 m s  t o t a l  d u r a t i o n  arid h a l f - s i n e  p u l s e  form 

3. A c c e  1 e r a  t i o n  

50 g s t e a d y  a c c e l c r a t  ion a7 o;ig l o n g i t u d i n a l  a s i  s f o r  30 

sc co11ds 

4 .  Spi 11 

12 rps spin about l o n g i t u d i n a l  a x i s  6 minu tcs  
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>v 

Thc a m p l i t u d e  modula ted  d r i v i n g  o s c i l l a t o r  c o n s i s t s  of t h r e e  main 

p a r t s  ( F i g .  5) : t h e  swceping c i r c u i t ,  t h e  o s c i l l a t o r ,  and t h e  r c c t i f i e r  

w i t h  a d d i n g  c i r c u i t s .  I t  had t o  meet t h e  f o l l o w i n g  requircmcnts: 

1. TO p r o v i d e  s u f f i c i e n t  amplituclc and f rcqucncy i n  o rder  t o  cove r  

t h e  mass r a n g e  froin 10 amu t o  50 amu. 

2 .  To sweep t h c  chosen  mass range once c l v c r y  1 /2  second so t h a t  samples  

of i o n s  c o u l d  be  taken  cvc1.y 1/2 Km ( t h e  speed of r o c k e t  = \ ~ h ~  ) .  

3. R e c t i f i e d  and a t t e n u a t e d  sweep from t h e  o u t p u t  of t h e  o s c i l l a t o r  

had t o  be  t r ansn i i t t ec l  t h rough  a t e l e m e t r y  sys t em.  Tha t  w a s  t h e  o n l y  

d a t a  €or t i m i n g  t h e  r e s u l t s  which were a l s o  t o  be t r a n s m i t t e d  by 

t e l e m e t r y .  

the o s c i l l a t o r  a t  work.  Thc t e l e m e t r y  sys tem cou ld  a c c e p t  a s i g n a l  

with a voltage r a n g e  froin 0 t o  5 v o l t s .  

I n  t h e  same time t h e  sweep c o u l d  be  used  f o r  check ing  

For T=TLiw and 

between p a r a m e t e r s  is  

W= 

e a s i l y  o b t a i n e d :  

L\ tM t h e  f o l l o \ v i n g  r e l a t i o n  (from E q .  1 . 9 )  

2.1 

where  A i s  t h c  mass number. 
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TO t h e  
&.LLd t+Z/+-+$- % 1. e c t r om e t e r 

Sweep O s c i l l  t o r  
C i r c u i t C i r  u i t  $;-, ‘ AT 

Rcct i f i cr 

F i g u r e  5 
D r i v i n g  O s  c i 1 1 R t o r -  - b 1 o ck d i a g ram 
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S i n c e  t h e  mass s p e c t r o m e t e r  r e p r c s e n t s  e s s e n t i a l l y  a c a p a c i t a n c e  l o a d ,  

t h e  power deve loped  i n  t h e  equ iva lc l i t  ~ ~ t p ~ t  t a n k  c i r c u i t  i s :  

2.2 

where  ce i s  t h e  e q u i v a l e n t  c a p a c i t y  anti 

t h e  t a n k  c i r c u i t  . 
I S  t h e  c q u i v a l c n t  f a c t o r  of 

The peak A . C .  v o l t a g e  v which w e  considercAci r e a l i z a b l e  w a s v  = 300v 

and w i t h  t h e  d imens ions  of t h e  s p e c t r o m e t e r  ( L= 4” 1 2Y= e25 ” 1 

and  speed  of t h e  r o c k e t :  ‘L, = \ \<w,/S 

t h e  f r e q u e n c y  needed t o  r e a c h  A = ~ ‘ ~ W L A  becomes f = 3.3 M C  

The number of o s c i l l a t i o n s  of an i o n  i s  r\= Goo. Tha t  is  t h e  a v e r a g e  

number of o s c i l l a t i o n s  i n  t h e  e n t i r e  r a n g e  and i t  i s  s u f f i c i e n t  f o r  good 

r e s o l u t i o n  p rov ided  t h a t  t h e  o s c i l l a t o r  o u t p u t  i s  s*ynirnetrical .  

Sweep C i r c u i t :  

Since a l i n e a r  sweep was not e s s e n t i a l ,  i t  w a s  possible t o  use a 

s t a n d a r d  u n i j u n c t i o n - t r a n s i s t o r  swecp c i r c u i t  ( F i g .  7 ) .  I n  o r d e r  n o t  t o  

e x c e e d  t h e  b a s e  t o  b a s e  v o l t a g e  (vbb,>\~x) l i m i t ,  t h e  base m2 is  r e t u r n e d  

t h r o u g h  a d i v i d e r  R,X, t o  t h e  powcr s u p p l y  v, . 
improves  t h e  l i n e a r i t y  of t h e  swecp because  t he  c a p a c i t o r  i s  c h a r g i n g  toward  

a much l a r g e r  v o l t a g e  t h a n  t ~ i e  t r i g g e r i n g  v o l t a g e  Vp . Vp i s  c l i ’ rec t ly  

p r o p o r t i o n a l  t o  thc i n t e r b a s c  v o l t a g e  vby i n t i n s i c  s t a n d o f i  r a t i o  and 

f o r w a r d  emit ter  bnsc v o l t n g c  VD : 

T h i s  a r rangment  a l s o  

2 . 3  
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Because of t h e  v a r i a t i o n  of i n t e r b a s e  r e s i s t a n c e  Q b s f o r  d i f f  ercat  

t r a n s i s t o r s  t h e r e  w i l l  be a r a n g e  of p o s s i b l e  v!% : 

and: 

2 .4  

2 . 5  

For t h i s  r a n g e  of vbs from s t a t i c  u n i j u n c t i o n  c h a r a c t e r i s t i c s ,  or u s i n g  

Eq.  2 .3 ,  vp can b e  found.  

The e s t i m a t e  of Rc ( t i m e  col i s tan t  which g e n c r a t e s  t h e  time b a s e )  

c a n  be found assuming t h a t  vc rises l i n e a r l y .  The approx in ia t ion  is v e r y  

close because of t h e  snial.1 p o r t i o n  of t h e  s u p p l y  v o l t a g e  t o  which c i s  

charged: 

2 .6  

A t  =T-, , where i s  the sweep p e r i o d ,  vLx vp. Thus 

(-R= V3-L -- 2 . 7  

-4 
The r e s i s t s n c e x  

t h e  load l i n e  w i t h  t h e  \ j e T , c h a r a c t e r i s t i c  l i e s  i n  t h e  r e g i o n  where t h e  

m u s t  be  chosen  i n  such a way t h a t  the  i n t e r s e c t i o n  of 

s l o p e  dVe/cLTe i s  n e g a t i v e  ( F i g .  6 ) .  

Thus : 7 -i VI, - VP 
I P  

L 
vr,- vv /- 

~ioacvcr ttic p a r t i c u l a r  71 i n  t h i s  raayc, h a s  t o  be clrosen e x p e r i m e n t a l l y  i n  

ordcr  to a c h i e v e  e x a c t l y  a time base '5 , because of t h e  nor;nal v a r i a t i o n s  
-7- 

2 .s 

2.9 

of r( and R, between u n i j u n c t i o n  t r a n s i s t o r s .  
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Time 

F i g u r e  S 
The swccp a t  the en:itter 

V e r t i c a l  2 ~ 1 ~ -  Horizontal . S/Crc, 

Time 

F i g u r e  9 
Peak current through t h e  j u n c t i o n  
Ver t ica l  4 2 w \ F \ / c ~  I I o r i z o n t a l  .\ S/Cw 
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R e s i s t o r s x 3  and714 p r o t e c t  t h e  j u n c t i o n  froill h i g h  c u r r e n t  d u r i n g  

t h e  t r a n s i e n t  i n  t r i g g e r i n g .  Capac i t ance  CL, compensa tes  f o r  t h e  c a p a c i -  

t a n c e  bctwecn t h e  emi t te r  and b a s e  number two. 

The a c t u a l  o p e r a t i n g  p a t h  of a u n i j u n c t i o n  t r a n s i s t o r  i s  shown i n  

F i g .  l o .  I t  i s  an approx ima t ion  t o  t h e  r e a l  c o n d i t i o n s  i n  t h e  c i r c u i t  

because  t h e  small  l e a d  i n d u c t a n c e  is  i g n o r e d .  The t i m e  c o n s t a i l t  d u r i n g  

t u r n  off t i m e  i s  s imply  

and h a s  t o  b e  less t h a n  570 of t h e  sweep per iod .  

Decouul inn  C i r c u i t :  

2.10 

T h i s  c i r cu i t  consists of a n  emi t te r  f o l l o w e r T  . The c o l l e c t o r  i s  

r e t u r n e d  t o  t h e  s u p p l y  v o l t a g e  vb throt igh t i i t ?  d i v i d e r  37x6 ( F i g .  7) so 

t h a t  its v o l t a g e  neve r  exceeds  t he  p c r i ~ i t t c l i  range:  

I n  order n o t  t o  p r e v e n t  r e l a x a t i o n  o s c i l l a t i o n  t h e  v o l t a g e  a t  i t s  

b a s e  (when t h e  c i r c u i t  i s  d i s c o n n e c t e d  a t  p o i n t  A ) m u s t  be l a r g e r  t h a n  

t h e  f i r i n g  v o l t a g e  vp : 

t h i s  g i v e s :  

2.13 

2.12 

2.13 
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Figure  11 
Col lec tor  v o l t a g e  of t h e  d r i v i n g  t r a n s i s t o r  

V e r t i c a l  ' ~ G v / L ~  I Ior izonta l  . \ 5 / c w  

I 
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To p r e v e n t  s a t u r a t i o n  when t h e  sii'ccp ri,aches i ts  pcak -9, , x, , and >, 
m u s t  s a t  i sf y t he f ol 1 ow i ng co~id i t i on : 

-q7 c o n s i s t s  of 2, po ten t io rne tc r  i n  p a r a l l e l  w i t h  f i x e d  r e s i s t o r  so 

-- - 
t h a t  t h e  b a s e  c u r r e n t  of the d r i v i n g  t r a n s i s t o r  l L  can be a d j u s t e d  so 

t h a t  a t  v p  t r a n s i s t o r  Tl t a k e s  t h e  maxir,luiii c u r r e n t  ( s u f f i c i e n t  t o  

g i v e  t h e  n e c e s s a r y  v o l t a g e  f o r  t h e  i~iasin~iim mass number).  Thus 

T2 must be a power t r a n s i s t o r  with a u d i o  Ti-equency response s u f f i -  

c i e n t  t o  f o l l o w  t h e  r e t r a c e  time of the b\~c'i';:. T h e  mnximuin swing of 

c o l l e c t d r  v o l t a g e  i s  vb which i s  a l s o  t h e  ~ . 4 s x ~ r n u m  a p p l i e d  t o  t h e  c o l l e c t o r  

base j u n c i  i o n .  

Power d i s s i p a t e d  i n  t h e  t r a n s i s t o r  c a n  h e  found i f  t h e  a c t u a l  waveforriis 

of t h e  c o l l e c t o r  c u r r e n t  a n d  v o l t a g e  ( F i g .  11-12) are  r e p l a c e d  b y  a l i n e a r  

approximation. Theref ore: 

vz - vmtn 4 4 2.15 

--GI 

The power d i s s i p a t i o n  i s  

7-5, 2.16 

2.17 



An Loco f i l t e r  between t h e  d r i v i n z  c i r c u i t  and t h e  power s u p p l y  

was used because  t h e  h i g h  f rcquei icy  o s c i l . l a L  o r  u s e s  the samc power s u p p l y .  

I t s  conponents  must s a t i s f y :  

2 .18 

C a p a c i t o r  C, a c r o s s  T 2  i s  t o  short  c i i - c a i t  the> h i g h  i ' requcncy and 

i t s  maximum v a l u e  i s  de ter in ined  b y  t h e  f a c t  t h a t  i t  m u s t  f o l l o w  t h e  t u r n  

o f f  t i m e  of the s\\-eep w h i l e  d i s c h a r g i n g  t h r o u g h  
-_ 

12 . 
High Frequency  O s c i l l a t o r :  -____ 

T h i s  o s c i l l a t o r  i s  a push-pul l  t y p e  wi'ih two coup led  t a n k s  i n  se r ies  

( F i g .  13).  Push -pu l l  i s  choscn t o  g i v e  t h e  equal. and  o p p o s i t e  v o l t a g e s  

n e c e s s a r y  for t h c  spectrometer rocis. A n  auto t r n n s f o r l n e r  c o n n e c t i o n  g i v e s  

t h e  l a r g e  v o l t a g e  v which o t h e r u i s c  c o u l d  n o t  be o b t a i n e d  because of t h e  

vcb, l i m i t a t i o n  of t h e  t r a n s i s t o r s .  

T r a n s i s t o r s  T3 and T 4  a r e  a l t c r n a t e l y  i n  s a t u r a t i o n  and t h u s  a c t  l i k e  

s w i t c h e s  i n s e r t i n g  e n e r g y  a l t e r n a t e l y  t o  e a c h  h a l f  of t h e  c o i l .  By means 

of the .a ,c ,  network  between c o l l e c t o r  and base of the  opposite t r a n s i s t o r s ,  

a closed l o o p  and  p o s i t i v e  f eedback  a re  obta ined .  I n  o r d e r  t o  have t h e  g a i n  

greater  t h a n  one  hF~must be greater t h a n  one a t  t h e  o s c i l l a t i o n  f r e q u e n c y .  

The t i m e  c o n s t a n t T \ , C , m u s t  b e  of L I i e  o rde r  of 37- t o  57- (where 7- i s  t h e  

per iod  of o s c i l l a t i o n ) ,  so t h a t  t h e  base of t h e  1:on-conducting t r a n s i s t o r  

i s  m a i n t a i n e d  n e g a t i v e  d u r i n g  a;,;jroslAiiately 1/2 T . The c a p a c i t o r  c h a r g e s  

d u r i n g  t h e  on t ime t h r o u g h  t h e  po!?rcr s u p p l y  (vk,.JA, c o i l  Li , and e n i t t c r  
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Figure 1 4  r e p r e s e n t s  t h e  b a s e  e m i t t e r  v o l t a g c .  The alniost  v e r t i c a l  

p a r t s  of t h e  waveform c o r r e s p o n d  t o  t r a n s i e n t s  w h i l e  zero o f  voltagc 

c o r r e s p o n d s  t o  s a t u r a t i o n .  The nc j i a t ive  p a r i  of the  waveform which 

fol lows the time c o n s t a n t  (a lmost  v e r t i c a l  p a r t  of waveform f o l l o w i n g  

s a t u r a t i o n )  c o r r e s p o n d s  t o  t h e  t r a n s i s t o r  b c i n g  o P f .  The o v c r s h o o t  b e f o r e  

t h e  b a s e  r e a c h e s  zero  i s  due t o  t h e  chargjn:: of tk.e c a p a c i t o r  t h r o u g h  hie 
The f r e q u e n c y  Of o s c i l l a t i o n  i s  c lc te rn ined  e s s e n t i a l l y  by  t h e  LCccom- 

p o n e n t s  of  t h e  c i r c u i t :  2& = C,+ cuL where 

. 

c, i s  t h e  c a p a c i t a n c e  of 

two o p p o s i t e  s p e c t r o a c t e r  rods w i t h  r c s p e c t  t o  gi-oulid p l u s  s t r a y  c a p a c i -  

t a n c e  i n  t h e  c i . r c u i t .  

Col lec tor  v o l t a g e  ( F i g .  15) changes f rani 0 (when t r a n s i s t o r  s a t u r a t e s )  

t o  2 vs (when it  i s  o f f ) .  

The t r a n s i s t o r  h a s  t o  w i t h s t a n d  more t l ian 2 u~ r e v e r s e  b i a s  between 

co l lec tor  and  b e c a u s e  t h e  b a s e  is n e g a t i v e  w i th  respect t o  ground when 

Since t h e  c o u p l i n g  i n  t h e  coi l  is v e r y  s t r o i l g ,  i t  i s  p o s s i b l e  t o  f i n d  v 
n = N,/N, . Thus in terms of a t u r n  ratio 

2.19 

The e x p e r i m e n t a l  r e l a t i o n  be’tween va and  v for r\= i s  g i v e n  on 

Fig. 16 and  a g r e a s  w i t h  t h e  Eq .  2 .19.  F igu re  1 7  r e p r e s e n t s  the r e l a t i o n  

-betv:een VB and 13 ( 13 = p0iI;ci- SLipply c u r r e n t ) .  Both  c u r v e s  ii’ere 

obtari  ncd by chang ing  vz> 
The break  poi.nt a t  about‘ 

w i t h o u t  t.he drivj . i ix  t r e n s i s t o r  i n  t h e  c j - r c u i t  . 
V 3 - - 2 - i ~  ~ic;ip;.n..; \:’i:en t ; ie  t r a n s i s t o r s  s t a r t  t o  
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I 
t 

Base Voltugc 

Figure 1s 
Vol tage  between t h c  end of the C O . ' . ~  and 
the ground--without  L i n  c i n i t t e r  

vert  i c a ~ .  200~/crr\ IIori z o n t n l  . I ~ 5 / ~ w \  

E a s e  Vdltage 
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By u s i n g  a n  i n d u c t o r  L i n  sc r ics  u: i th  t h c  two e m i t t e r s ,  . i t  i s  p o s s i b l e  

t o  l i n e a r i z e  t h e  v:aveform of t h c  i;ioilL;lntc<: ~ : c ~ l l ; n g e .  

The expression f o r  Vcoe froin ( F i g .  13) is 

I 

i s  m u c h  l a rge r  t h a n  1, . Also ,  q2= 2 ,  14 

because  t h c  c u r r e n t s  t h rough  t h e  t r a n s i s t o 1 - s  a r e  s m a l l  compared t o  t h e  

current i n  t h e  t a n k .  

W i t  h t h e s e  a pprox irna t i on s 

2.21 

from 2.21. 

v3 
2.22  

i-, = __ 2 cLY.csin-- 
Y chj Le C-WWL n 

The maximum power de l ive rec i  b y  t h e  s u p p l y  i s  

2.23  

2.2.: 

0 





s i n c e  
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The a v e r a g e  power d i s s i p a t e d  i n  t h e  c o i l  is: 
- 

2.25 

where v i s  the maximum v a l u e  of t h e  v o l t a g e  between e a c h  end of t h e  c o i l  

and  ground,  g i v e n  b y  

2.26 

The riiaxinruin v a l u e  of v a t  t h e  beg inn ing  of the sweep i s  V, and Vl  i s  

t h e  niaximum v a l u e  of t he  A . C .  v o l t a g e  a t  t h c  end of the sweep. K i t h  t h e  

e x p r e s s i o n  2.26 f o r  , pmko bcconies 

The power d i s s i p a t i o n  i.ii one t r a n s i s t o r  i s  sinir , ly 

. --a = + (p” 
. R e c t i f i e r  and A d d i m  C i r c u i t :  

2 .27 

2.28  

A f u l l  wave peak  b r i d g e  r e c y i f i c r  \>.as iiseci. Thc b r i d g e  i s  conven ien t  

because i t  r e p r e s e n t s  a syr , incir ical  load to t h e  o s c i l l a t o r .  It a l s o  r e d u c e s  

t h e  e f f e c t  of the d i o d e ’ s  c a p a c i t a n c e s .  i lssi :xiing t h a t  t h e  c a p a c i t a n c c s  

across t h c  fGi.\\.aru snd across  t h e  revi.rsc!c! b i a s e d  clioilti?s are  0 2  thc  same 

order we sec t h a t  the brS dge i:; :IZCI-I.~ b:;lni-iccil \ , : i L i i  r<!s-.’-’- r~~~~ to thCI’Ni. 
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r e c t i f i . e r  and a l s o  reduce  t h e  n;asimu:n r c v c r s c  v o l t a g e .  TWO d i o d c s  i n  s c r i e s  

a r c  u s e d  with a l a r g e  res i s tor  a c r o s s  cach  which d i v i d e s  t h e  v o l t a g e  e q u a l l y  

r e d u c e  t h c  t o t a l  c a p a c i t a n c e  i n  t he  b ranch .  

The T,c, t i a e  co::stznt rr,ust bc of t h e  o r d e r  O f  57- or more S O  t h a t  it 

c a n  follow the sweep smoothly, w h i l e  c, m u s t  be s m a l l  anci of t h e  o r d e r  of 

A trim p o t e n t i o m e t e r  i n  s e r i e s  C i n  orclcr t o  dcvc lop  s u f f i c i c i l t  v o l t a g e .  

w i t h  9, b a l a n c e s  t h c  D.C.  l e v c l s  with rcspcc t  t o  ground.  

The D.C. vo l t age  u goes from o p p o s i t e  CiIdS of t h e  briclgc t h r o u g h  

kC;RZ--C t o  t h e  p o i n t  2 where i t  adds  t o  t h e  h i z h  freclucncy v o l t a g e .  L. 
i s  chosen  such  t h a t :  

3 

2.29 

22- i s  sma l l  compared t o  cz c, 
c, t c, 

_____.- while t h e  T i m e  c o n s t a n t  

the t u r n  off t i m e  of t h e  swccy. 

A t  p o i n t s  6 6  a v a r i a b l e  r e s i s t a n c e  makes it  p o s s i b l e  t o  a d j u s t  t h e  

a m p l i t u d e  of D.C.  v o l t a g e  u . The r e s i s t o r  9, i s  of t h e  order Of  >, 
and s m a l l e r  t h a n  t h e  p a r a l l e l  resistor. l e a d i n g  t o  t e l e m e t r y .  Thus 

2.30 

2.31 
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I 

Tile D . C .  v o l t a g c  i s  aticieci to the A . C .  t h r o u g h  a h igh  1-csi'stnnce 

R so t h a t  it docs n o t  3.oati the t a n k .  6 

The output 01 thc power c o n v c r t e r  is coni~cc tec i  t o  the RC d i v i d c r  

( F i g .  23 ) .  Choke L i n  s e r i e s  w i t h  IZC c!ivitlcr p::oiects t h c  poivcr supply 

s t a n t  of p a r a l l e l  RC's a t  the  mult i p l i c r  tcrminnls must lie s m a l l e r  than 

t h e  perioci of sweep T so t h a t  thc  c n p n c i t o r  i s  charged  i n  a time l e s s  

t h a n  oiie cyc le  of t h e  s\vccp. It n i i i s i  a l s o  be r:;uch l a r g e r  t h a n  the t i n e  

i n x e r v n l  bct\vcen two a d j a c e n t  iiizssc's i n  ortier to mi n i i n i z e  the  ei ' iect  oi' 

S 

voltage peaks  produced b y  i o n s  i;i  t h c  r , : u l t i p l i e r .  Tcus the t i n ) ?  c o n s t a n t  

mus t  s ; i t i s P y  

2 . 3 2  

wherc A is the inass range in n n u .  

Pote : i t l o ; ; , c t e r s  p r o v i d e  v a r i a b l e  vol tngcs  i n  s u f f i c i e n t  r a n g e  to change 

the  gain  of t h e  e lec t ron  multiplier. 



- 39 - 

T e s t s  and c a l i b r a t i  011s were c a r r i e d  oiit undcr  no:inal conditioi1s 

w i t h  t h e  spectror:iet cr i n  a vacuum. T h e  spccti-o:icter u s e d  t o  t c s t  t h e  

e lcctroni  cs  was different than t h e  one \$;hi ch w i l l  bc  a c t x 1 l l ~ 7  Kscd i n  

t h e  r o c k e t .  The p r imary  d i  ffc.rcncc was i n  the length of rocis. The 

rods used i n  the  t c s t  \YCI-C 5 i n c h e s  long i n s t e a d  of 4 inches.  Cecause  

the d i f f e r e n c e s  a r e  s i x a l l  t h e  r c s u l t s  obir,inccl shoul ci not d i f f e r  sig- 

n i f i c a n t l y  froill t h e  r c s u l t s  expec ted  using t h c  o p c r a i i o n a l  sgcc t roac tc i - .  

A standard i o n  source n ' n s  uscci i o  i o n i z e  a v a i l a b l e  e l e inen i s .  The 

i n t o  t h e  niass f i l t e r  e s s e a t i a l l y  p n r : i l l c l  \vi t h  i t s  a x i s .  S i t rogcn ,  

oxygen, and argon were i o n i z e d  p u r p o s e l y .  K2t.er vapor  was always 

present i n  the vaclltilil due t o  i m p e r f e c t i o n  01 t h e  sysi t r i : .  C o n c l u s i o n s  

drawn f roiii men sur em e n t  s w i t 11 t hos  e t h r  cc e 1 CJ cn t s a pp 1 y \v 1 t 1-1 c c r t  n i ;it y 

for the  mass range from 1s - 40 a i x 1 1 .  O u t s i c l c  i -ha t  r a ~ g e  t h e y  arc a 

f a i r  guess. 

*ne estimate of mass range  i s  from S - 5 S  aniu. . On F i g .  25 are 

3- -!- -!- 4- 
shown the peaks O E  n i t r o g t n  S , \ Y Z ~  c r  Ii,;O , ..I L i - o ~ c n  S oxygen O,, 

1 Y 2 '  .J 

the  rods because t h e y  get h i g h e r  \ r t loc i i l  y i~*o:;i t h c  a c c t l e r a t i n g  p o t e n t i a l s .  

T h i s  w i l l  not be the, c a s c ~  i n  t h e   rocket^ since a l l  t h e  i o n s  wil.1 ent.ei- t h e  

spcctro;:let:er \ v i  th  t h e  S;I:LC vc loc i  LJ.. 
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RIu 1 ti p l  i e r  Volt a gc 

F i g u r e  24 
Pealis of (from l c f t  t o  r i g h t ) :  
r\'itrog:.cn N,+ , v/:'ater , 
Nitrogen N; , Oxygcn C: , 
a n d  a rgon  hyT 
Obtained w i t h  a p r c s u r e  of 2.4 10 t o r r  

Vertical 5Cy.\V/~m P,or izontal  50 mi/Cw\ 

-4 
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I 

' h i u l t i p l i c r  Voltage 

I 

. .  



r e p r c s e i ; t i n g  mss numbers 1 4  and 1s. 

The r e s o l u t i o n  \\’as measured froill Fi;;. 25 v,k<:rc t h e  tinic s c a l e  i s  

a t  40 peak  i s  2 1 .  I t  can be nicnsurcd fl.Gi;i t h c  Jigill-o t h a t  t h e  two adja- 

shown on P ig .  2 7 .  

The r e s o l u t i o n  togc the r  \vi t h  thc  pc:lli h c i g h i  i s  a r:iciicnl f u n c l  i o n  

of the  D . C .  t o  A . C .  r a t i o  which i s  t o  be cspcctecl and xgrces  w i t h  t h e o r y .  

The D . C .  b a l a n c e  t o  ground docs n c > i  n i f i k c  1;oti c c n h l c  changes due to t h e  

f a c t  that: t h e  bal-zncc p o t e n t i  oi:;ctei- i s  s:i:nll c<)iiipni.tcl t o  resistors in 

se r i e s  Lvith it. 

T h e  SysteIiI i s  v e r y  s e n s i t i v e  Lo ci::inF;es i:; po\vcr s u p p l y  v o l t a g e .  

T h a t  i s  pr in i r i r i ly  so because  t h a t  vo:.tng:i. d i rc !c t ly  i t r i .ves  the o s c i l l a t o r .  

Therefore; b a t t e r i e s  OT r e g u l a t e d  po,vcr s u p p l i e s  hnvc to be uscci t‘o 

a v o i d  a d d i t i o n a l  modu la t ion  o€ t h e  h igh  f r e q u e n c y  voltage which can b r i n g  

u n c e r i s i n t y  i n  t h e  l-csults. C o n s i d e r i n g  that the objec1t ivc of t h e  measure- 

ments w i l l  bc p r i m a r i l y  t h e  mass range f rom 20 i o  50, i t  seems t h a t  the  

inst i -~i i ! :cntat ioi i  w i l l  be acicquate €01- this purI>oac.  

I n  f u r t h c i .  d c v c l o p ~ : ~ n i ,  t h e  t r i i p h s i s  S h O t i l C !  be nindc 011 m i n l a t u r i -  

z a t i o n  of C0;’ilpG:lcnl:s. The  ncmber O l  co::ipo;7.ci1t~ i n  the  oscillntor can bc 
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